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abstract
W e havebee ntryingto establish an internatio naln etw o rk syste m of a lo ng te r m
m o nitoringfo rthepu rpo se ofu nderstanding glob ale nvir on merlt Change fro m afo r e stry poITIt
of vie w.
The clim a xfor estsinJapan, espe cialy thos eprote ctedin Fore st Bio sphereRe s erv e s
are v ery pr e cio u s, be c atlS etheyha v ebe ellfo rmed asthe res ult ofthe b alanc e which hav e
la stedquite alo ngtim ebetw e e ntheforests a ndthe su rrou ndings.
These fore sts not o nly holdvario u skinds of cre ature sbut als o show e cological
a ctivities which willdirectlyreflect the change sofn atu ralconditio n s u cha stemper a:ture a nd
pre cIPltation.
Ther efo re
,
it wi llbepo ssibleto c o rnpr eh8 n Sivelye stim atetho se cha nge sby obse rv lng
thephe nologicala spectofclim a xfo re st for alo ng periodoftim e.
Ip ordertodo so, how ever, thefollo w l ng Pro c edu r e sm aybe ess ential:Colle ctlngthe
fore st c o ndition data thro ugha erialphotogr aphs and 丘eldsurv eys; M aking databa s efo r
colle cted data;Lo ngterm obse rvatio n usl ngSatelite;andlnte rnat10 nalc o11aboratio n s.
Itis e xpe ctedto m akeit pos sible to e stim ate the effects o ntheland e c osyste m, such
as ofglobalw arm lng Whichispr edictedtobe u n evenlydistributed o nthe e arth
1. Intr odt)ction
Withthe c olhboratio n of m or ethan o n ehu ndred forestry r es e ar cher sinthe w orld, IU F R O
(Intern adon al Union ofForestry Orga乎ation)s u m med up theiⅡte rnationalguideline fo r
forest m o nito rl ng Onthe minim u m requlrem erltfor globalm o nito n ngin o rder to c o ntribute
inter natio n ala ctivit e sinfo r e stry c om m u nity(rU F R O, 1994).
Bas ed o nthis guideline, w e, the W o rldFo re st Envir o nm e nt M onitoring Resear ch Team of
FFP RI･ hav e started a new research pro)e ct
I-M onito rlng OfClim ax Fore sts for Global
Envir o n m entStudy
”in 19951 T he objectiv eofthe studyisto obtain theinfo r m ation ofglobal
e nviro n me nt cha nge sthro ughclim ax forest m onitoringfo re stim ati ngthe effe cts on thela nd
e cosyste m s u ch as ofglobalw ar m lng Which arepr edictedto be u n ev enlydistri buted on the
earth.
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T he clim ax fore sts, e specialytho sepr ote ctedinFo r e stBiosphe reRe se r v es are v ery pr e cio u s,
beca u setheyhavebee nfo rmeda sthe re s ult oftheb alan ce whichha v ela stedquitealongtlm e
betwe e nthe for e sts andthe surr o und ings･ The s eforests not only hold v arious kinds of
cre ature sbut als osho w e c ologicala ctivities which wi lldire ctlyrefle ctthe change s ofnatural
c onditon sucha stempe r ature andpr ec lpltatio n.
Ther efore, it willbe po s sible to co mprehe nsiv ely estimate tho s e cha ngesby obse rving the
phe n ologicalaspe ct ofclim ax fore stsfor alo ng periodoftim c. In ordertodo s o, ho we v er the
folo wing pr o c edu re sm aybe ess e ntial:
Coue ctingthefor e st conditon datathr o ughaerialphotographya nd 鮎1ds u rv eys;
M akingda‡abas efor c ollected data;
Lo ngterm obs er v atio nuslngSatellite re m ote s e n si ng;and
lnter na,tionalc ollabo ratio n s.
Asthe丘rststudy area, w e s electedAzu m aya m aBio spher eRe s erv eirkJapan.
2. M ethodology
2.1･N D Ⅵ
C han n el 3(red ニ630- 69 0n m) and cha nnel 4(ne ar-in&ared :760- 900n m)of T Mare
c onside redthe m o st usefu l for cre atingtheindexNDⅥ for monito n ng vegetation. T he ND VI
is the diHe re n c eof n e ar-in丘ar ed and visble red re且e cta n c e valu e s nor maliz ed o v e rtotal
refle ctan ce ofthetw o cha n nels a sfollo ws.
NDVI -(Ne ar_IR(T M_ 4) - Red(T M
_
3))/(Ne arJR(T M_ 4)＋ Red(T Mj ))
T his equatio npr oduce s ND Ⅵv alu e sin the ranges.o
f -1
.
0to 1.0, whe re negativ e valu es
ge n erally repre sent clo uds, w ate r a nd other D on - v egetated su rfa c es, a nd positiv e value s
represe nt vegetatedsurfa ces. T he N D Ⅵrelate stophoto synthetic a ctivityofliving pla nts, T he
highe rthe ND Ⅵvalue･ the ㌣or e
”
gr e e n
''
the coye rtype(De ering etal.)I It m eans that the
NDⅥ in cr e as e sa the qu aJItlty Ofgreen bio m ass m c reas e sin an area(Bu rga n and Hartford,
1993). Tointe rpr et the ND Ⅵvalue sfor丘eldus e, w e have devised m ethodsto co nv ert the
ND VIdatainto m o re ea silyunde rstandable repr es e ntation sofvegetatio ngre e n n ess asis us ed
for A V H R R(Burgan andH artford, 1993). T he s e are called ”Vis ualgre en n ess‥ a nd -1Relative
gre e n es
”
,
2･2 VisualGr e e n Jle S S(VG)and Relativ eGre e皿 e SS(V G)
VG indic ate show green eachpixelisin relatio nto a standardr efer en c e su cha sahighly gre e n
andde ns ely v egetatede v erg e e nfor e st. Itis calc ulateda s:
VG - N D V I/V dens
wher eND ⅤⅠ- obs erv ed ND VIvalu e
V de n s- N D VIvalue ofdens elyvegeta tedeve rgreenfo r e st
An im age c a nbe produ cedthatpo rtr ays vegetatio ngr ee 皿 e S aS W e w ouldexpe ct to s e eitif
w e w er eflying overthelands cape･ In this c o ntext, n o r m allydeforiaged, sparsely v egetated
area wi ll lo ok cu red co mparedto fully vegetated ar e a such a sthe ev e rgr e e nfore st. Be c aus e
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the visualgre e n n¢ssim age m ayindicate r a.therlimited change s o v ertim e, a s ec o nd m ea sure of
v喝 etatio ngr e e nne ssis con side r edu seful.
Rehtive gre?nne5S 畔G)is als o aper c e ntage v alu e･ It expr e s s es
.'how gre en e a ch pixel
cu rre ntlyis
■-
1n r elation to the ra nge ofgreen n e ss cal ulated forthai pIXel丘o mthe c olected
and overlaid rem ote s e n singdata set. Itis calc ulded as:
R G- (m V- ND
_
min)/(m _ m ax ･ ND ～ min)
wher e ND V: obs erved ND VIvalue
ND min:minim u m ND VIvalu e obs erved histo ricallyfo rtha:tPixel
ND m ax二 m aXim u m ND V Iv alu e observ ed historicallyfo rthatPixel
Histo ric al m axim um a nd minim um ND VIm aps fo rthe study ar e aa ren e ce s s a ry to be
produ c ed by se ar ching allthe T M ND Ⅵvalu es ofcolle cted data and s av lngthela rge st and
smalest valu es observ ed for e a chpix el. Pixels affected by clouds and s n ow s ar e e x cluded,
T he s eN D Ⅵvalu e sar ethe n composed into m axim um and mi mim urn m aps and u sed with
cu rr eFlt ND Ⅵm apsto perfo rm thevisu alandthe r elativegr e en ne sscalculations.
3.‾StlldyAre a
3･1 Fore stBiosphe reRes etv e sinJapa n
Unde rthe circumstanc es･ that the public ha s re c e ntly sho w n gro w lng inter e st in fo rests,
dem a nd fo r pres e rvatio n ofprim ev al n atural for e st has be e nrisl ng. Thus, in order to
harm o niz efo restry･ a nd n atur epr eserv atio nin Natio nal Fo r est, in 198 9, Fo r e stry Age ncy
c o mpletely r evis ed itspr otected fo re stsyste m established in 1915･ The prote ctedforests were
clas si6ed into 7types inchldinBFo r estBiosphere Re s e rv e s, etc: As ofthe e nd of1993, 779
are aswi thotala r e a of358thousa ndhe cto rs arede signated a sprotectedfor e st .
Fo r est Biospher eRe s erv e s, which aim to pre serv e n aturale nvir o n m e nt and to prote ct
importa ntflo raa nd 免una･ ha v ealreadybee nde sign血edin 17ar e as c ov enng abo ut207,401
he cto rs atthe e ndof 19931 Yahshima reg10n a nd Shirakami m o untainous r eg10n am o ngthe m
ha v e rec e ntlybe e n reglSter edas natu ralheritage sitesunde rthe W orldlieritageConv e ntio n.
3･20tltliAe OftheAエロTn aya ma Fo restBio sphe r eRegiotl
A m ay am a(Az um a m o u ntai ra nge)design atedasa s ubject sightforthe r e se ar ch is on the
Na s u v olc a nic z one･ Itis c orlStituted of m ou ntain s ov er1
,
900m above the seale v el
,
which
m ake s A 加 m aya m athe bigge st gro up of isolated m o u ntains a m ong the Na su v olc a nic
m ountain r ange▲ Itis made up ofEa st Azum aya m am ountain range and We st A m m aya m a
m ou ntain r a nge･ An dthehighest arno ng the mis W est Azum aya m a, 2,035m eters abov ethe
seale v elr East jh m ayam a m ou71tain r angeis c o mpo s ed of five m ain mo untains. On e ofthe
m ou ntains, Mt･ Issaikyo u(1,94 9m)is a n a ctiv e v olc an o since 1950･ W e st Az u maya甲am o u ntain rangeis also co mposed ofGv e main mourltains･ Al lofthem stoppedtheir v olc a nlC
a ctivite squlte alo ngtlm e agO･ T hatis why ea ch m o untainhaslo ng m ou ntainridge withs mal1
ups a nd do wn s , a nd holdsfore st nearlyuptothe m o u ntaintopI
T helocalc血 atepatte r na ro u ndA 礼 m ay am a applie sto a shift hgzonebetw e entheJapa nSe a
side clim ate z one andthePaciBc Ocea nside o ne･ Itis e stim atedac c o rdingtothedata丑
･
o mthe
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ne ar e st m ete or ol gical obs er v atorythat the aJlnuala v er age tempe r atureis 2.0 C, ann u al
precipltatio nis200m m , andthede epest sno w血uis ov e r4 m ･ Azum ay am atopogr aphically
fe ature s a volc anicland withco nsider able ups and dow ns･ An dthe r avine salo ngookur aRiver
a ndNakats uRiv e rsho w a n obvio usly erodpd bluff･ Itsge ological featu r e sar e a ndesitetype
la v a a nd agglo m er ate rockr e sulted丘･o m eruptio nsduringthefo urthdiluvian epoch･
In te r m s ofv egetation,be e chtr ee scanbe see n upto1,4 00n to 1,600m , abo v ewhichs e mi
alpin e c oni fe r o u sfore sts s u cha sTs ugadiv ersifoha Ma st･ and Abies M arie si Mast･ develop
alm o st to the m o u ntain top, pa rticular1y in We st Azu m aya m a m6u ntain ranger T his
phenom e n o n c annotbe s e nin any othervolc anic m o u ntain, which m akesAm m ay am a u nique.
Azuzn aya m aisthe no rthernlimitof AbiesVeitchiiLindl･ which u suallydon
-
tgr ow w ellinthe
ar e a on theJap an Se a side. Itisalso ashifting polllt Ofs emi-alpine c o nife ro u sfore sts. This
mal(e sAz um ayam a apr e cio us ar e a&om a scie ntiBcpointOf vie w.
Ther e ar e anumbe r ofd ump plainsdev elopedin Am m ayam a ow ingtOthe topographic al
factors whichis chara cteristicto a shield volc a no(an aspite). Alot ofsp血g-fedpo nds ca nbe
see nin the gr assy plains s u rr o unded by shrubslike :Ts uga div e rsifolia Ma st. and Abie s
M arie sii Ma st. .
Alpine plants s u chasSieve rsia pe ntapetala Gre e n e, Ve r atrum stamine um M a xim, Phylodo ce
aleutic aA, Heller
,
etc . als ogro winbankshe re.
T he entir eAz u m ayam aisde sign atedto Bandai- Asahi National Parkespeciallybec au s eofits
be autifulm o untain ous vie w･ so quite afew tomists visit Azum akofujiand Jbhdodaira. M arty
pe ople cometothe m ou ntain 丑
･
o mYa m agataPrefectu re軸e , &o m whichitis relativelye asie r
to climb.
The no rthern side of Am m ayam ais nationalfore sts ad mimiste red by A kita r egio nal fo restry
o氏c e･ Theyha v ebeen e xamining the upper reaches ofOota ruRiver , M atsu Riv e r. Shibu
Riv er
,
which are he adw aters of Mo nami Riv ef･ T heyinte ndto e stablish the s e r由 ons a s
prote cted ar e asfoc u slng On thefor e strye cologyaround A礼 m ay am a
4. Re s ult
Thedata setfo rthe momitorl ng SySte m
■･ha sbee nde veloped. Fou rLands atT Mdatain1990-良
a nd deriv edv egetatio nin de xim age s we r eu sed fo r obtainingtheinform ation on phe n olo由cal
changes of clim a xfo r ests of Ml･ Am ayam a･ This data s etis c o n sider ed showing the
phe n ologicalaspe cts of Mt. A 加 m aya 皿 a ar e ain e dy1990
.
良,
Eight aerialphotographs ets sin ce 1955w e re c ole ctedfor the ar e a andstereo palr S Of the
typicalfor est type s we re didtized･ Thes enu m ericalphotoim age s w e relinkedto the Digital
Fore stry Map(figure 1, originalm ap scaleis1:2 0,00O)on aGIS system ( m mips). The s e
aerialphotogr aphs show sthe effe ctofhistorical hu m an a ctivitie s andn atu ral disa sters.
Fo r e sts u rv eyr e c ords of thefore stry age n cy w e re c ollectede v e ryfiv eye a rsinJapan and w ere
als o c ollected andlikedto theforest co mpartm e nts of the Fo re stry Map inthedatabas e of
T N T mips･
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vegetation コIaP(0rigi 叫scaleis 1: 50,000, 1981) ofthe Enviro na) ent Age n cy w as als o
digitized ando verlaidfor analyzing vegetatio nty pes on the s atelliteim ages･
clim atedata ofthr ee clim ate sta土ions a r oundthestudya r e aw e reals o c ollecfcd.
Thes edata s eta r e m ade available onthelrltem et:/鞄ri. afB
'
c.go .jp/
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